Implementing the millennium development food security goals – Challenges of the southern African context by Love, D et al.
www.elsevier.com/locate/pce
Physics and Chemistry of the Earth 31 (2006) 731–737Implementing the millennium development food
security goals – Challenges of the southern African context
David Love a,b,d,*, Steve Twomlow b, Walter Mupangwa b,
Pieter van der Zaag c, Bekithemba Gumbo a
a WaterNet, PO Box MP600, Mount Pleasant, Harare, Zimbabwe
b ICRISAT Bulawayo, Matopos Research Station, PO Box 776, Bulawayo, Zimbabwe
c UNESCO-IHE, PO Box 3015, 2601 DA Delft, The Netherlands
d Water Resources Section, Delft University of Technology, Delft, The NetherlandsAbstract
The Millennium Development Goals’ target to halve the proportion of people who suﬀer from hunger is extremely important in
southern Africa, where food security has become increasingly problematic over the last 20 years. One ‘‘quick-win’’ proposal is replen-
ishment of soil nutrients for smallholder farmers, through free or subsidised chemical fertilisers. Other proposals include appropriate
irrigation technology, improved inputs and interventions targeted at women.
Analysis of over 10 years of agro-hydrological and agro-economic studies from southern African show that a diﬀerent approach is
required to interventions proposed. There are sustainability problems with free chemical fertiliser due to transport costs and ancillary
costs. Furthermore, recent studies in Zimbabwe and Mozambique show that signiﬁcant increases in yield can only be obtained when
soil fertility management is combined with good crop husbandry, e.g. timely planting and weeding. Ongoing replenishment of fertility
would be dependent on a continued free or subsidised fertiliser supply, and transport system. Increasing access to irrigation will help, but
is not the only solution and cannot reach even a majority of farmers. It has been determined that short dryspells are often the major cause
of low yields in sub-Saharan Africa. Soil–water conservation approaches, e.g. winter weeding and conservation tillage, can reduce risk
and increase yield.
The following speciﬁc recommendations are made for urgent interventions to contribute sustainably to food security in southern
Africa: (i) To increases access to fertiliser, consider development of strong input markets at end-user level. (ii) Intensiﬁcation of technol-
ogy transfer, focusing on capacity building for transfer of existing technologies and much closer collaboration between state and NGO
sectors, agronomists and water engineers. (iii) Increasing the uptake of soil–water conservation methods, including conservation tillage
and weeding, and supplementary irrigation to minimise adverse eﬀects of dryspells, through investments in farmer training. (iv) Linking
crop development strategies to livestock development practices and strategies. (v) Developing non-agro-based livelihood strategies in
marginal lands.
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eng.uz.ac.zw (B. Gumbo).1. The millennium development project and proposals
for implementing the goals
The ﬁrst Millennium development goal (MDG) aims to
eradicate extreme poverty and hunger. Target 2 of Goal 1
is to halve, between 1990 and 2015, the proportion of peo-
ple who suﬀer from hunger. In order to achieve this, the
Millennium Project proposes some initial, urgent measures
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started immediately for quick results are referred to as
the ‘‘quick-wins’’. In addressing food security (target 2),
the Millennium Project proposes, as a quick-win, ‘‘a mas-
sive replenishment of soil nutrients for smallholder farmers
on lands with nutrient depleted soils, through free or sub-
sidised distribution of chemical fertilisers and agroforestry,
no later than the end of 2006’’ (UN Millennium Project,
2005a). The emphasis on smallholder farmers is based on
an assessment that of the 850 million people experiencing
serious and chronic hunger, approximately 50% are small-
holder farmers (FAO, 2004). For this reason, the Millen-
nium Project recommendations on rural development and
food security focus on improving the production and
livelihoods of smallholder farmers. The Project’s major
concerns for agriculture are soil fertility, water resources
management, access to improved varieties of crops and
livestock and agricultural extension services (UN Millen-
nium Project, 2005b).
Detailed intervention proposals from the Millennium
Project include:
1. Investments in soil health: application of mineral fertil-
iser, agroforestry (use of trees to replenish soil fertility),
erosion control, return of crop residues to the soil.
2. Appropriate irrigation technology, which the Millen-
nium Project confusingly refers to as ‘‘small-scale water
management’’: drip irrigation, wells, appropriate pumps
and so on.
3. Improved inputs: improved varieties of crops, pastures,
livestock, trees and ﬁsh.
4. Farm diversiﬁcation to include higher value livestock
and vegetables, once farm/household level food security
has been achieved.
5. Extension services require strengthening, especially at
village level, with upto date agricultural knowledge
and participatory approaches to farmer training.
6. Agricultural research requires investment at the national
level.
7. Interventions must be targeted to ensure empowerment
of women farmers, including women extension oﬃcer
recruitment, and promotion of women’s property/tenure
rights.
The MDG target to halve the proportion of people who
suﬀer from hunger is extremely important in southern
Africa, where food security has become increasingly prob-
lematic in the last half-century. Recurrent droughts and
inconsistent national and regional policies fail to provide
adequate support to large-scale and small-scale producers,
leading to a net decline in agricultural production in the
region. The poor performance of agriculture in Africa
has been well documented. Per capita food production
has not matched the growing population over the last
40 years (FAO, 2004). One hundred and eighty million of
the world’s 800 million food insecure people live in sub-
Saharan Africa, surviving on less than 1 US dollar per day.Therefore, implementation of the food security target of
the millennium development goals is critical to the mainte-
nance and improvement of livelihoods in southern Africa.
However, as this paper will show, developing solutions at
a global level does not always capture properly the needs
and challenges of regional contexts. This is particularly
important in considering the ‘‘quick-win’’ strategies pro-
posed by the Millennium Project.
It is the hypothesis of this paper that whilst implementa-
tion of MDG target 2 is critical for southern Africa, the
speciﬁc context of southern Africa requires a diﬀerent
approach (sometimes subtly diﬀerent, sometimes dramati-
cally diﬀerent) to interventions proposed by the Millen-
nium Project to work towards the MDGs. The speciﬁc
hydrological and agro-hydrological conditions of southern
Africa are particularly important. Accordingly, some mod-
iﬁcation of the approach is called for.
2. Challenges to crop production in southern Africa
2.1. Context
Africa’s population is expected to reach 1.2 billion by
the year 2020, double the 1995 ﬁgures. It estimated that
at least 25% of the population will be undernourished
and living in the dryland areas of sub-Saharan Africa,
which already accommodate 70% of the world’s poorest
communities (Ryan and Spencer, 2001). Sub-Saharan
Africa is the only region in the world where average food
production per capita has been declining over the last 40
years. Yet agriculture continues to be the dominant eco-
nomic activity, accounting for 70% of total employment,
40% of total exports and 34% of the GDP.
Despite the technological advances in agricultural
research in recent years, poverty, food insecurity and mal-
nutrition still remain major challenges in sub-Saharan
Africa (Sanchez and Swaminathan, 2005), yet agriculture
is the main economic activity in the region. Added to
this are natural and human-induced conﬂicts, and low
investment in long-term capacity building and research.
Short-term land tenure arrangements implemented in some
countries in the region sometimes do not encourage long-
term investment on the land, especially where the tenure
system is unclear or dynamic. That said, many improve-
ments, especially in soil/water conservation, can be made
on an annual rather than permanent basis, under any ten-
ure system.
The most vulnerable groups are smallholder land users
in the arid and semi arid lands. Smallholder farmers make
up more than half the population at risk from hunger, and
in southern Africa cultivate on poor soils and unreliable
rainfall is the main source of water (Twomlow and Bru-
neau, 2000). Crop yields are low and failures are frequent
(Scoones, 1996), with more than one million people in
the Limpopo basin depending on food aid in 2003 (Love
et al., 2004). In this context, agricultural production in
southern Africa faces a number of challenges, each of
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vention proposals.
2.2. Water
Smallholder agriculture in southern Africa is largely
rainfed, and thus risky, with recurrent droughts and dry-
spells. Potential evaporation exceeds rainfall for more than
6 months of the year. Rainfall is seasonal and highly vari-
able. Annual rainfall for a single site can vary by up to
1000 mm/a from year to year (Twomlow and Bruneau,
2000) – although a drought year may record less than
250 mm/a, such as the 2004–2005 season in southern
Zimbabwe and Mozambique. By the end of the dry season,
i.e. just before planting, the top 0.3 m of the soil horizon
frequently holds negligible water content (Twomlow and
Bruneau, 2000). Furthermore, a number of climate change
models predict that southern Africa shall experience signif-
icantly reduced precipitation and runoﬀ over the next
50 years (Arnell, 2003; Moyo et al., 2005a). These trends
will result in further food shortages (Cane et al., 1994;
Du du Toit and Prinsloo, 2001).
Frequently, the water yield from the developed surface
water resource falls short of the demand, deﬁcits being
more evident during droughts (Nyabeze, 2004). Much of
sub-Saharan Africa has, as a result of low conversion of
rainfall to runoﬀ, a precarious balance between available
water resources and water demand (Mazvimavi, 2003).
Furthermore, demand from more powerful sectors, such
as urban areas and commercial farming, is rising. It has
been suggested that the expansion of the SADC regional
economy and especially the South African economy will
necessitate water re-allocation from agriculture to urban
areas and industry (Taigbenu et al., 2005). Even with such
limitations, smallholder farmers have little access to blue
water for irrigation (Love et al., 2004). This is partly due
to a lack of investment targeting such developments, but
also since, in some areas, there is a lack of suitable sites
to establish further dams. Some catchments have been
over-committed for quite some time (e.g. Kabel, 1984),
meaning that additional surface water development is not
possible, and others oﬀer few sites where a possible river
stretch for impoundment is coupled with suitable soils.
Furthermore, most southern African governments face a
chronic shortage of funding for capital investments such
as dams.
2.3. Soils
Smallholder farmers generally farm on poor quality
sandy or sandy loam soils (Twomlow and Bruneau,
2000). Frequently, such soils are infertile, deﬁcient in
nitrates, phosphates and sulphur (Burt et al., 2001). This
is especially the case in those countries were colonial imbal-
ances in land distribution have not been adequately
adjusted. Even in countries where such attempts have been
made, smallholder farmers are generally conﬁned to thepoorer soils. Rising populations have placed an increasing
burden on the soils farmed by smallholder farmers: in the
last half-century in southern Africa the populations have
increased dramatically, but the availability of land to
smallholder farmers has not increased signiﬁcantly in most
countries. Thus a higher population is depending on the
same area of semi-fertile land (Moyo, 2004).
Fertiliser usage is low in southern Africa, compared for
example to India: 28 kg/ha compared to 62 kg/ha
(Twomlow et al., 1999). Due to lack of investment in soil fer-
tility amendments to cope with declining yields, farmers
have extensiﬁed their cropping area. As soil fertility declined,
farmers have maintained household food requirements by
increasing the cropped area to compensate for lower yields.
2.4. Economics and livelihood strategies
The question of livelihood strategies is not addressed
adequately in the MDGs. Rural families livelihood strate-
gies are not necessarily geared directly to food production,
many household have diverse coping strategies to ensure
some degree of sustainable livelihoods. Livestock (which
are not generally a food source but a strategic ﬁnancial
asset) are valued ahead of crop production. For example,
farmers in many southern African countries prefer to feed
crop residues to their cattle than to mulch or plough in the
residues. This is despite the well-proven beneﬁts in terms of
soil fertility improvement, and also increased inﬁltration
from precipitation (Bennie and Hensley, 2001).
Studies have shown that poverty in southern Africa pre-
sents a greater driver to food insecurity than actual food
production. It has been suggested that access to food can
be a greater problem for households than absolute food
availability (Misselhorn, 2005). This can be partly due to
few smallholder farmers subsisting entirely on their own
production, and must still sell some produce to buy some
of their food. Since it is well established that world food
production is suﬃcient, but distribution inadequate (e.g.
Myers, 1985), it is not logical to resolve food security prob-
lems by focussing solely on increasing production.
2.5. Political will
The extent to which agricultural reform and revitalisa-
tion of agricultural practice (or the ‘‘green revolution’’) is
a priority in southern Africa is limited, compared, for
example, to prioritisation of land reform (changes in land
distribution and tenure) (Moyo, 2004) or the commerciali-
sation of agriculture.
3. Adapting and operationalising the MDGs for food
security in southern Africa
3.1. Fertiliser
The quick-win proposal on mineral fertiliser is especially
diﬃcult. Accelerating and increasing fertiliser use does not
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southern Africa. Thus, while an urgent and massive invest-
ment in mineral fertiliser will have a short-term impact; it is
unlikely to make any impact on food security in the med-
ium term. It should be realised that a massive investment
in mineral fertiliser does not address long-term food secu-
rity problems: there is no guarantee that such an invest-
ment would translate into a sustainable improvement in
soil health. Ongoing replenishment of fertility would be
dependent on a continued, guaranteed free or subsidised
supply, transport system and so on.
The low rate of fertiliser application in southern Africa
reﬂects the much higher end user price of fertiliser in
Africa. This is often due to transport and import costs,
especially in landlocked countries. Smallholder farmers
are generally living distant from the major urban centres
of their countries, increasing transport costs for them. This
leads to a vicious circle at the smallholder level where cur-
rent recommendations are inappropriate: few farmers have
had positive experiences of heavy fertiliser use, thus there is
little demand, and thus rural tradestores do not stock much
variety of fertiliser. Occasional free fertiliser handouts, by
government or NGOs, tend to destabilise the small local
markets, in countries where fertiliser production is done
by private companies. Such interventions thus provide
short-term beneﬁts but medium-term problems. These
ancillary costs will remain to limit smallholder farmers in
southern Africa, even if the original procurement of fertil-
iser is free or heavily subsidised internationally.
Fertiliser is insuﬃcient in itself to produce a major
change in the food security situation. Major increases in
yield can only be obtained when soil fertility management
is combined with soil–water conservation practices such
as timely planting and weeding, thus reducing periods of
potential moisture stress/competition (Twomlow et al.,
1999). For these reasons, massive investment in mineral
fertiliser will not produce a ‘‘quick win’’ unless it is inte-
grated with transport and other interventions.
3.2. Water and irrigation
Irrigation schemes have a role to play, and smallholder
irrigation schemes can become a critical common property
resource (Samakande et al., 2004). However, such schemes
also tend to over-apply water (Senzanje et al., 2003), for a
variety of reasons such as design and pricing policies.
Water allocation between farmers is not always equitable
or eﬃcient, especially during drought years (Munamati
et al., 2005). Poor water management on such schemes also
leads to reduced yields (Samakande et al., 2004). Further-
more, access to irrigation water for the smallholder farmer
remains limited. The Millennium Project recognises the
limitations of large-scale irrigation for food security in
Africa and urges the use of appropriate irrigation technol-
ogy such as low-cost drip kits. This can allow for greater
access to irrigation, since the water and energy require-
ments are lower than conventional irrigation (Chigerweet al., 2004). It can also allow for irrigation at smallholder
household level, rather than smallholder scheme level. Drip
technology on its own tends to improve water use eﬃ-
ciency, but sometimes does not increase yield (Maisiri
et al., 2005). A recent study showed that only 2% of the
beneﬁciaries had used the kit to produce the expected ﬁve
harvests over 2 years, owing to problems related to water
shortage and also pests and diseases. Conﬂicts between
beneﬁciaries and water point committees or other water
users developed in some areas especially during the dry sea-
son (Moyo et al., 2005b). Thus the implementation of
small-scale irrigation has to be done in a manner to address
these challenges.
As an alternative to permanent irrigation, yields can be
improved by short-term supplementary irrigation during
dryspells (Savenije, 1998, 1999; Nyamudeza, 1999;
Falkenmark and Rockstro¨m, 2003; Rockstro¨m et al.,
2003). As an alternative to dams, use can be made of rain-
water harvesting technologies (Motsi et al., 2004) or access-
ing of alluvial aquifers (Dahlin and Owen, 1998; Moyce
et al., 2005).
However, small-scale irrigation as promoted by the mil-
lennium project (e.g. Sanchez and Swaminathan, 2005) is
not the only solution. Irrigation schemes can never beneﬁt
more than a small minority of farmers in a district, since
there may not be suﬃcient water resources, and an invest-
ment of an order of magnitude way beyond that proposed
by the millennium project would be required. To improve
yield and livelihoods for a larger proportion of smallholder
farmers, an approach of integrated soil and water manage-
ment is needed for dryspell and drought mitigation. Short
dryspells – not necessarily water scarcity measured at an
annual scale – are often the major cause of low yields and
loss of food security (Rockstro¨m et al., 2003). Improve-
ments can be achieved through agricultural interventions
in dryland farming (Twomlow et al., 1999). Some in ﬁeld
water management technologies, such as tied ridges, have
proven eﬀective at reducing runoﬀ, thus increasing inﬁltra-
tion and water access to the crops (Heinrich, 2001; Motsi
et al., 2004) – although uptake is variable (Twomlow
et al., 1999). Conservation tillage approaches, especially
where they are adapted for use with animal traction, have
proven very eﬀective in increasing water availability to crops
and decreasing land degradation (Kaumbotho and Mwe-
nya, 2000; Mupangwa et al., 2005; Twomlow et al., 1999).
Eﬀective weeding also increases both in-ﬁeld water avail-
ability and crop yield. Biomass can be increased by a factor
of four and water use eﬃciency (kg/mm) by a factor of ﬁve,
for well weeded maize compared to an unweeded control
(Twomlow et al., 1999). Weed growth inﬂuences negatively
the availability of water in the soil proﬁle, especially during
dryspells (Twomlow and Bruneau, 2000). It is not only
rainfed farming, but also smallholder irrigation schemes
that can beneﬁt from improved soil–water management
(Samakande et al., 2004).
Often, the problem is not physical scarcity of water,
but rather the lack of integrated management approaches
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cial capacities and weak institutional arrangements. The
new water governance in the Limpopo Basin countries
enshrines principles of equity and user participation in
decision-making (Love et al., 2004). Catchment institutions
provide a possibility for progressive and sustainable, stake-
holder-based water management (Manzungu and Mabiza,
2004; Savenije and van der Zaag, 2000; Van der Zaag
and Savenije, 2000). However, penetration remains prob-
lematic: smallholder farmers tend to have very little voice,
while large water users dominate (Love et al., 2004; Nare
et al., 2005; Van der Zaag, 2005).
3.3. Other interventions
Access to improved varieties for smallholder farmers is
often limited, and faces many of the same limiting factors
as fertiliser distribution. Furthermore, many classic ‘‘green
revolution’’ improved varieties are not drought resistant –
and produce the expected high yields only when free of
water stress. Finally, if crop management is not improved
at the same time as new varieties are adopted, the farmer
will never see the real yield potential.
A signiﬁcant level of farm diversiﬁcation already exists
in southern Africa, often focusing on livestock, as has been
discussed under livelihood strategies above. However,
additional farm diversiﬁcation requires developments of a
market for the new produce, and a transport strategy to
ensure that the value added in the new produce is not lost
to transporters.
Women farmers actually spend substantial amounts of
their time and labour on activities not directly connected
with agricultural production. Thus developing improved
eﬃciencies of transport and cooking fuels, and improving
ease of access to water for domestic purposes would release
a large proportion of the woman farmer’s labour for her to
invest on her farm.
In many countries in southern Africa, what is needed is
not retraining of extension staﬀ – much of the most recent
knowledge is well known – but resources for expansion of
service work and improvement of the conditions of staﬀ to
ensure capacity retention.
4. The way forward
The agricultural, climatic, sociocultural and economic
context of southern Africa presents challenges that require
modiﬁcations and alternatives to the interventions pro-
posed by the Millennium Project to work towards the
MDGs. Speciﬁc recommendations are now made for
urgent interventions in agriculture in southern Africa, in
order to contribute to food security, as an alternative to
the Millennium Project’s fertiliser subsidy proposal.
Firstly, interventions in inputs (seed and fertiliser) should
not be simple subsidies, but should be sustainable invest-
ments targeted at either end-user level or at the transport
and marketing system. Upgrading the distribution systemfor inputs will have a longer term and more sustainable
impact than free distribution of fertiliser for one or two
seasons. The constraint posed by transport is clear, since
it has been cited as a major constraint to application of
manure, which is readily available (Rohrbach, 2001).
Developing the market for inputs, especially for sale of
small quantities of inputs, will allow a contribution from
the small-scale enterprise sector (Sanders, 2002), and facil-
itate the development of a sustainable fertiliser distribution
network in smallholder farming areas.
Increasing the application and uptake of soil–water con-
servation methods, including conservation tillage and
weeding, is needed in dryland farming and in supplemen-
tary irrigation. The interventions should be carried out
mainly through intensive investments in farmer training,
by collaborating government services (both agricultural
extension and state water authorities) and NGOs. The
approach must be participatory, to determine what tech-
niques smallholder farmers have themselves found eﬀective
in the drier years, and involve farmers in the moitoring and
evaluation (Gupta, 2002). This has to be the priority area
in extension work, as water management is often the limit-
ing factor in yield and this proposed intervention is more
practical and aﬀordable than a massive expansion of irriga-
tion. The amount of funding that can be mobilised interna-
tionally for MDG interventions would therefore be better
targeted at on-farm water management than new irrigation
schemes. The latter would, for the same amount of fund-
ing, beneﬁt far fewer farmers and make a lesser contribu-
tion to food security. This intervention is not a ‘‘new
story’’, but is deserving of a higher priority than has been
indicated by the Millennium Project, since it can beneﬁt a
greater number of food insecure people than the proposed
fertiliser subsidy.
Water resources planning and evaluation is required
before and during implementing irrigation interventions,
whether these are conventional irrigation schemes, drip
kit distribution or supplementary irrigation. It must be
ascertained that the water supply assumed for an irrigation
project is suﬃcient, sustainable and acceptable to the com-
munity, especially to non-beneﬁciaries. It is essential that
the agriculturalists and the water engineers should engage
with each other; preferably at the local government and
water management area levels. Proper planning of this kind
is likely to decreased risk of conﬂicts between water users
after implementing the irrigation intervention, and
decreased risk of intervention failure to lack of water
supply.
Alternative livelihood strategies need developing and
promoting, especially in the semi-arid to arid areas. One
adaptation is to link crop development strategies to live-
stock development. However, for as long as rural popula-
tions increase, and expect to engage in agriculture as
their major productive activity, without an increase in land
allocation to smallholder farmers, soil fertility and food
security will continue to decline, as land is over-utilised
(Twomlow and Bruneau, 2000). Accordingly, investment
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strategies in marginal lands, including the harvesting of
indigenous rangeland products, such as the mopani worm,
wildlife management and so on. Given the extent to which
poverty, rather than food production, inﬂuences food secu-
rity in southern Africa (Misselhorn, 2005), this could have
a major impact.
Finally, consideration should be given to investments in
drivers for produce marketing, including the provision of
information on prices over radio and other media. Such a
system has been implemented in Zimbabwe for many years,
and allows farmers to choose where to sell their produce
before leaving home for the city markets.Acknowledgements
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